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COLOR DISPLAY PIXEL ARRANGEMENTS 
AND ADDRESSING MEANS 

CROSS-REFERENCE TO RELATED APPLICATION 
10 The present application claims the benefit of the date of U.S. Provisional Patent 

Application Serial No. 60/290,088, entitled "Pentile Matrix 3 Projector", filed on May 9, 
2001 and of the date of U.S. Provisional Patent Application Serial No.60/301,088, entitled 
"Improvements to Color Display Pixel Arrangements and Addressing Means", filed on June 
25, 2001, which are incorporated by reference herein in their entirety. 

15 

BACKGROUND 

The present application relates to improvements to display layouts and specifically to 
improved color pixel arrangements and means of addressing used in additive electronic 
projectors, subtractive flat panel displays, and Cathode Ray Tubes (CRT). 

20 Graphic rendering techniques have been developed to improve the image quality of 

subpixelated flat panels. Benzschawel, et al. in U.S. Patent No. 5,341,153 teach how to 
reduce an image of a larger size down to a smaller panel. In so doing, Benzschawel, et al. 
teach how to improve image quality using a technique now known in the art as "sub-pixel 
rendering". More recently Hill, et al. in U.S. Patent No. 6,188,385 teach how to improve 

25 text quality by reducing a virtual image of text, one character at a time, using the very same 
sub-pixel rendering technique. In a provisional patent application filed by the same 
inventor, "CONVERSION OF RGB PIXEL FORMAT DATA TO PENTILE MATRIX 
PIXEL DATA FORMAT" (Serial Number 60/290,086; Attorney Docket No. CLRV-003P), 
methods were disclosed to generate subpixel rendering filter kernels for improved display 

30 formats, including those formats disclosed herein. Prior art projectors, subtractive flat panel 
displays, and CRTs can not take advantage of such subpixel rendering. 

The present state of the art color imaging matrix, for electronic projectors, 
subtractive color displays and CRT, use a simple orthogonal grid of square pixels aligned in 
columns and rows as illustrated in prior art FIG. 5. Image shifting to increase the effective 

35 resolution of electronic cameras is taught by Parulski et al. in U.S. Patent Number 4,967,264, 
by Plummer et al. in U.S. Patent Number 4,786,964, by Katoh et al. in U.S. Patent Number 
5,561,460, and by Yamada et al. in U.S. Patent Number 5,754,226. Lower blue resolution 
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5 for displays is taught by Sprague et al. in U.S. Patent Number 5,315,418. These panels are a 
poor match to human vision. 

Full color perception is produced in the eye by three-color receptor nerve cell types 
called cones. The three types are sensitive to different wavelengths of light: long, medium, 
and short ("red", "green", and "blue" respectively). The relative density of the three differs 

10 significantly from one another. There are slightly more red receptors than green. There are 
very few blue receptors compared to red or green. 

The human vision system processes the information detected by the eye in several 
perceptual channels: luminance, chrominance, and motion. Motion is only important for 
flicker threshold to the imaging system designer. The luminance channel takes the input 

15 from only the red and green receptors. It is "color blind". It processes the information in 
such a manner that the contrast of edges is enhanced. The chrominance channel does not 
have edge contrast enhancement. Since the luminance channel uses and enhances every red 
and green receptor, the resolution of the luminance channel is several times higher than the 
chrominance channels. The blue receptor contribution to luminance perception is negligible. 

20 The luminance channel acts as a resolution band pass filter. Its peak response is at 35 cycles 
per degree (cycles/ 0 ). It limits the response at 0 cycles/ 0 and at 50 cycles/ 0 in the horizontal 
and vertical axis. This means that the luminance channel can only tell the relative brightness 
between two areas within the field of view. It cannot tell the absolute brightness. Further, if 
any detail is finer than 50 cycles/ 0 , it simply blends together. The limit in the diagonal axis 

25 is significantly lower. 

The chrominance channel is further subdivided into two sub-channels, to allow us to 
see full color. These channels are quite different from the luminance channel, acting as low 
pass filters. One can always tell what color an object is, no matter how big it is in our field 
of view. The red/green chrominance sub-channel resolution limit is at 8 cycles/ 0 , while the 

30 yellow/blue chrominance sub-channel resolution limit is at 4 cycles/ 0 . Thus, the error 

introduced by lowering the blue resolution by one octave will be barely noticeable by the 
most perceptive viewer, if at all, as experiments at Xerox and NASA, Ames Research Center 
(R. Martin, J. Gille, J. Larimer, "Detectability of Reduced Blue Pixel Count in Projection 
Displays", SID Digest 1993) have demonstrated. 

35 The luminance channel determines image details by analyzing the spatial frequency 

Fourier transform components. From signal theory, any given signal can be represented as 
the summation of a series of sine waves of varying amplitude and frequency. The process of 
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5 teasing out, mathematically, these sine-wave-components of a given signal is called a 

Fourier Transform. The human vision system responds to these sine-wave-components in 
the two-dimensional image signal. 

Color perception is influenced by a process called "assimilation" or the Von Bezold 
color blending effect. This is what allows separate color subpixels (or pixels or emitters) of 

10 a display to be perceived as the mixed color. This blending effect happens over a given 
angular distance in the field of view. Because of the relatively scarce blue receptors, this 
blending happens over a greater angle for blue than for red or green. This distance is 
approximately 0.25° for blue, while for red or green it is approximately 0.12°. This blending 
effect is directly related to the chrominance sub-channel resolution limits described above. 

15 Below the resolution limit, one sees separate colors, above the resolution limit, one sees the 
combined color. 

An important aspect of electronic displays is resolution. There are three components 
of resolution in digitized and pixilated displays: bit depth, addressability, and Modulation 
Transfer Function (MTF). Bit depth refers to the number of displayable brightness or color 

20 levels at each pixel location in binary (base 2) power notation. Addressability refers to the 
number of independent locations that information may be presented and perceived by the 
human eye. Modulation Transfer Function refers to the number of simultaneously 
displayable lines and spaces that may be displayed and perceived by the human eye without 
color error. In display systems that are addressability-limited, the MTF is half of the 

25 addressability. However, MTF may be less than half the addressability, given the system 
design or limitations in the ability of the human eye to perceive the displayed resolution. 

Examining the prior art display in FIG. 1, the design assumes that all three colors 
should have the same resolution. Additionally, the design assumes that the luminance 
information and the chrominance information should have the same spatial resolution, both 

30 in addressability and MTF. The human eye makes no such assumption. 

Thus, the prior art arrangement of overlapping the three colors exactly 
coincidentally, with the same spatial resolution is shown to be a poor match to human vision. 

SUMMARY 

35 A method for forming a multipixel image on an imaging surface is disclosed. The 

method comprises projecting for each pixel in the multipixel image a plurality of 
monochrome beams of different colors towards the imaging surface. Each of the plurality of 



3 



WO 02/091299 PCT/US02/13321 

5 monochrome beams for each pixel is directed along a path towards the imaging surface, such 
that images formed on the imaging surface from each beam are convergent by substantially 
less than about 100%. 

A method for forming a multipixel image on a projection screen is disclosed. The 
method comprises projecting for each pixel in the multipixel image a plurality of 

10 monochrome light beams of different colors towards the projection screen. Each of the 
plurality of monochrome light beams for each pixel is directed along a path towards the 
projection screen, such that images formed on the projection screen from each light beam are 
convergent by substantially less than about 100%. 

A method for forming a multipixel image on a phosphor surface is disclosed. The 

15 method comprises projecting for each pixel in the multipixel image a plurality of electron 
beams that pass through aperture masks towards the phosphorous surface, each beam 
exciting substantially separate color emitting phosphors. Each of the plurality of 
monochrome electron beams for each pixel is directed along a path towards the phosphor 
surface, such that images formed on the phosphor surface from each electron beam are 

20 convergent by substantially less than about 100%. 

An optical projector is also disclosed. The optical projector comprises a plurality of 
monochrome light beams of different colors. Each of the plurality of monochrome light 
beams for each pixel are directed along a path towards a projection screen. The images 
formed on the projection screen from each light beam are convergent by substantially less 

25 than about 100%. 

A CRT video display is also disclosed. The CRT video display comprises a plurality 
of electron beams. Each of the plurality of electron beams for each pixel are directed along a 
path towards a phosphor surface. The images formed on the phosphor surface from each 
electron beam are convergent by substantially less than about 100%. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
* 

Referring now to the figures, wherein like elements are numbered alike: 

FIG. 1 illustrates a side view of a prior art projector projecting images, in a frontal 

view, to a central point on an imaging screen; 
35 FIG. 2 illustrates a side view of a projector, projecting images, in a frontal view, to a 

central point on an imaging screen in which the three colors are offset by one-half pixel in 

the diagonal direction; 

4 



WO 02/091299 



PCT/US02/13321 



5 FIG. 3 illustrates a side view of a prior art CRT projecting images to a central point 

on an imaging screen; 

FIG. 3 A illustrates a portion of the phosphor screen of the prior art CRT illustrated in 
FIG. 3, focusing Gaussian spots to a single point on an imaging screen; 

FIG. 4 illustrates a side view of a CRT projecting images to an imaging screen in 
10 which the three colors are offset by one-half pixel in the horizontal direction; 

FIG. 4A illustrates a portion of the CRT illustrated in FIG. 4 focusing Gaussian spot 
to a phosphor screen in which the three color spots are offset by one-third pixel in the 
diagonal direction; 

FIG. 4B illustrates a portion of the CRT illustrated in FIG. 4 focusing Gaussian spot 
15 to a phosphor screen in which the green color spots are offset by one-half pixel in the 
diagonal direction; 

FIG. 5 illustrates a prior art arrangement of pixels for electronic information display 
projectors; 

FIGS. 6, 7, and 8 illustrates an arrangement of pixels for each of the colors green, 
20 red, and blue, respectively; 

FIG. 9 illustrates the arrangements of FIGS. 6, 7, and 8 overlaid on one another to 
show how a full color image is constructed; 

FIG. 10 illustrates the overlaid image of FIG. 9 with one full color logical pixel 
turned on; 

25 FIGS. 11 and 12 illustrates the red and green image planes, respectively, with a 

single column of logical pixels turned on; 

FIG. 13 illustrates the red and green image planes of FIGS. 11 and 12 overlaid; 
FIGS. 14 and 15 illustrates the red and green image planes, respectively, with two 
columns of logical pixels turned on; 
30 FIG. 16 illustrates the red and green image planes of FIGS. 14 and 15 overlaid; 

FIG. 17 illustrates two images of the pixel arrangement of FIG. 6 overlaid, offset by 
one-half pixel, to demonstrate how a single imaging plane can build up a higher resolution 
image using field sequential color, or to demonstrate how two imaging planes of a multi- 
panel may be offset to build up a higher resolution image; 
35 FIG. 18 illustrates splitting of an image path into two different paths for different 

colors through an inclined plate made of a chromodispersive material; 
FIG. 19 illustrates a prior art arrangement of pixels; 
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5 FIG. 20 illustrates an overlay of the arrangement of prior art FIG. 19 in which the 

two colors are offset by one-half pixel in the diagonal direction; 

FIG. 21 illustrates the overlaid arrangement of FIG. 20 with two color logical pixels 
at different addressable points; 

FIG. 22 illustrates the overlaid arrangement of FIG. 20 with an alternative color 
10 logical pixel and a column line of logical pixels; and 

FIG 23 illustrates an overlay of FIG. 8 for three colors in which the colors are offset 
by one-third pixel each, with one full color logical pixel turned on. 

DETAILED DESCRIPTION 

15 Those of ordinary skill in the art will realize that the following description of the 

present invention is illustrative only and not in any way limiting. Other embodiments of the 
invention will readily suggest themselves to such skilled persons. 

The prior art overlaps the three colors 5 images exactly coincidentally, with the same 
spatial resolution. Here, the color imaging planes are overlaid upon each other with an 

20 offset of about one-half pixel. By offsetting the color imaging planes, a display having 
higher resolution images is created by increasing the addressability of the system. 
Additionally, the Modulation Transfer Function (MTF) is increased to better match the 
design to human vision. 

FIG. 1 is schematic of a prior art projector 200 having a light beam 202 that projects 

25 red (R), blue (B), and green (G) images 206 on to an imaging (or projection) screen 204. 
Prior art practices converge the red, the blue, and the green images to a point 210 on the 
projection screen 204. In contrast, an embodiment is illustrated in FIG. 2. FIG. 2 is 
schematic of a projector 300 having a light beam 302 that projects through an optical 
element (or lens) 304 red 306, blue 308, and green images 310 on to an imaging (or 

30 projection) screen 312. As illustrated in the figure, such an arrangement will separate and 
differentially shift the red, green and blue images due to the different index of refraction for 
each wavelength. Thus, the image is again formed, but the image is shifted optically to 
separate the red, blue, and green color planes by about one-half pixel. 

A similar procedure is used with a Cathode Ray Tube (CRT) video display, as 

35 illustrated in prior art FIG. 3. An electron gun 220 projects an electron beam 212 inside the 
CRT 214 onto a phosphor surface 218 with an array of color primary emitting phosphor 
dots. Prior art practices converge the red, the blue, and the green images to a circular 
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5 Gaussian spot 216 on the phosphor surface 218. The CRT 214 can direct the electron beam 
212 towards the phosphor surface 218 electrostatically or magnetically. FIG. 3 A illustrates a 
portion of the phosphor screen in which the CRT focuses Gaussian spot to a single point on 
the phosphor screen. 

In contrast, another embodiment is illustrated in FIG. 4. FIG. 4 is schematic of a 

10 CRT video display having electron guns 320 that projects electron beams 312 inside the 
CRT 314 onto a phosphor surface 318. As illustrated in FIG. 4, such an arrangement will 
separate and differentially shift the red, green and blue images 316. This can be 
accomplished by misconverging the electron beams with steering electronics, such as yoke 
coils, electrostatic deflection plates, or by appropriately displacing the electron guns. Thus, 

15 the image is again formed, but the image is shifted to separate the red, blue, and green color 
planes by about one-third pixel or by shifting just the green color plane by one-half pixeL 
FIG. 4A illustrates the portion of the phosphor screen in which the CRT focuses Gaussian 
spot so that three color spots are offset by one-third pixel in the horizontal direction. This 
modification allows CRTs so adjusted to use the very same subpixel rendering techniques 

20 utilized in the art on conventional RGB stripe architecture liquid crystal display (LCD) 

panels. While FIG. 4B illustrates a portion of the phosphor screen in which the CRT focuses 
the Gaussian spots so that the green color spot is offset by one-half pixel in the diagonal 
direction. Contrary to the prior art projectors, prior art subtractive flat panels, or prior art 
CRT displays which are not subpixelated, the projectors, subtractive flat panel displays, or 

25 CRT displays discussed herein are subpixelated and may thus take advantage of subpixel 
rendering techniques. 

FIG. 5 is a prior art arrangement 10 of square pixels 12, forming an array of 12 X 8 
pixels. For prior art projection or subtraction displays, three planes of 12 X 8 pixels would 
be overlaid to create a set of 12 X 8 logical pixels. This is a total of 96 pixels comprising 

30 288 color elements. 

FIGS. 6, 7, and 8 are illustrations of an arrangement of pixel images for each color of 
green, red, and blue, respectively, for projectors. The same FIGS. 6, 7, and 8 are also 
illustrations of an arrangement of subpixels for each color of magenta, cyan, and yellow, 
respectively, for subtractive color flat panel displays. Magenta is equivalent to subtracting 

35 green from white. Cyan is equivalent to subtracting red from white. While yellow is 
equivalent to subtracting blue from white. For example, a multispectral light source is 
illuminated, illuminating panels of magenta, cyan, and yellow that are offset from one 
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5 another in x and y by substantially less than 100%. In the following discussions regarding 
the theory of operation of the arrangement of subpixel elements, the additive color projector 
is used as an example. However, for subtractive flat panel display, the same theory of 
operation applies if one applies additive to subtractive color transforms well known in the 
art. 

10 FIG. 9 illustrates the resulting multipixel image 20 of overlaying the images 14, 16, 

and 18 of FIGS. 6, 7, and 8, respectively, for a three-color plane projector or subtractive flat 
panel display. The resulting multipixel image 20 of FIG. 9 has the same number of logical 
pixels 24 as illustrated in FIG. 10 and the same addressability and MTF as the image formed 
by the arrangement of prior art FIG. 5. However, the same image quality is achieved with 

15 only 123 color elements, less than half of the number required by the prior art arrangement 
illustrated in FIG. 5. As the costs increase with the number of elements, the reduction in the 
number of elements offers the same image quality at a significantly lower cost, significantly 
higher image quality at the same cost, or a higher image quality at lower cost, when 
compared to the prior art arrangement illustrated in FIG. 5. 

20 In each of the imaging devices discussed above, the beams (or panels) are convergent 

by substantially less than about 100%, with less than about 75% preferred, and with about 
50% more preferred. In one embodiment, the geometric center of each of the beams (or 
panels) can lie along a locus of points describing a monotonic function. A monotonic 
function is always strictly increasing or strictly decreasing, but never both. In its simplest 

25 form, the monotonic function can be a straight line. 

One advantage of the three-color plane array is improved resolution of color 
displays. This occurs since only the red and green pixels (or emitters) contribute 
significantly to the perception of high resolution in the luminance channel. Offsetting the 
pixels allows higher perceived resolution in the luminance channel. The blue pixel can be 

30 reduced without affecting the perceived resolution. Thus, reducing the number of blue 
pixels reduces costs by more closely matching human vision. 

The multipixel image 22 of FIG. 10 illustrates a logical pixel 24 showing a central pixel 26 
of either the red or the green color plane (in this case it is green) that is set at 50% of the 
input value associated with that logical pixel 24. Surrounding and overlapping this central 
35 pixel 26 are four pixels 28 of the opposite color of the red/green opposition channel (in this 
case it is red) that is set at 12.5% of the input value associated with that logical pixel 24. 



8 



WO 02/091299 



PCT/US02/13321 



5 Partially overlapping and offset is a blue pixel 30, that is set at about 25% of the input value 
associated with that logical pixel 24. 

The logical pixel 24 of FIG. 10 illustrates that the central area defined by the central 
pixel 26 is the brightest area, at 31.25%, while the surrounding area, defined by the 
surrounding pixels 28 of the "opposite" color (not overlapping with the central pixel 24) 

10 remains at 6.25% brightness. This approximates a Gaussian spot, similar to those formed by 
the electron gun spot of a CRT. 

Images 52 and 68 are built up by overlapping logical pixels as shown in FIGS. 13 
and 16, respectively. For ease of illustration, the blue plane in each figure has not been 
shown for clarity. The algorithms used in calculating the values of the pixels in each color 

15 plane are disclosed in a provisional application submitted by the Applicant entitled, 
"CONVERSION OF RGB PIXEL FORMAT DATA TO PENTHJB MATRIX PIXEL 
DATA FORMAT" (Serial Number 60/290,086; Attorney Docket No. CLRV-003P). The 
arrangement of the pixels of each color plane 14, 16, and 18 illustrated in FIGS. 6, 7, and 8, 
respectively, are essentially identical to some of the effective sample area arrangements 

20 found in the above-referenced provisional application. Thus, the techniques taught in the 
above-referenced provisional application disclosure are incorporated herein by reference. 
Further, the arrangement of this present application use the same reconstruction points of the 
• pixel arrangements disclosed in the above-mentioned provisional application. 

For projected image or subtractive color flat panel displays, the present application 

25 discloses using the same pixel rendering techniques and human vision optimized image 
reconstruction layout. However, a smoother image construction is created in the present 
application due to the overlapping nature of the pixels. For an example of a multipixel 
image 52 having the smoother image construction, FIG. 13 illustrates a vertical line 54 
comprising the green component image 40 and the red component image 50 of FIGS. 1 1 and 

30 12, respectively. As illustrated in the multipixel image 40 in FIG. 1 1, a vertical line 41 

comprises central green pixels 42 and outer green pixels 44. As illustrated in the multipixel 
image 50 in FIG. 12, a vertical line 51 comprises central red pixels 46 and outer red pixels 
48. For clarity, the blue color plane is not shown in FIG. 13. This example assumes that the 
vertical line 54 displayed at about 100% of the input value and is surrounded on both sides 

35 by a field at 0% of the input value. 

FIG. 13 illustrates that the central red pixels 46 of the vertical line are offset from the 
central green pixels 42 when superimposed onto each other. These central pixels 42 and 46 
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5 are each set at 75%. The outer pixels 44 and 48 are each set at 12.5%. The areas of overlap 
of the central pixels 42 and 46 form a central series of smaller diamonds 56 that are at 75% 
brightness. The overlap of pixels 44 and pixels 46, and the overlap of pixels 48 and pixels 
42, respectfully, form two series, just outside of the said central series, of smaller diamonds 
58 that are at 43.75% brightness. The overlap of the outer pixels 44 and 48 form two series 

10 of smaller diamonds 60 that are at 12.5% brightness. While the areas of the outer pixels 44 
and 48 that do not overlap form an outermost series of smaller diamonds 62 that are at 
6.25% brightness. This series of brightness levels, 6.25%, 12.5%, 43.75%, 75%, 43.75%, 
12.5%, and 6.25% exhibits a Gaussian distribution. Further, if one were to imagine an 
infinitely narrow vertical line segment, at least several pixels long, moving across the 

15 displayed vertical line 54, integrating the brightness, the resulting function would be a series 
of smooth segments joining the brightness levels, from zero to 75% to zero. Thus, the 
resulting cross-sectional brightness function, integrated over several pixels tall, along the 
displayed line, closely approximates a smooth Gaussian curve. This displayed vertical line 
can be moved over by about one-half pixel, such that the addressability would be about one- 

20 half pixel. 

In moving the vertical line, the amount of improvement is proportional to the amount 
out of phase. Having the images out of phase at a value of substantially less than about 
100% is preferred, with less than about 75% more preferred, and with the images being 
exactly out of phase by about one-half pixel, or about 50%, is ideal. 

25 FIG. 16 illustrates a multipixel image 68 of two vertical lines 69 displayed to 

demonstrate that the MTF is about one-half of the addressability, which is the theoretical 
limit for subpixelated displays. FIG. 16 illustrates the two vertical lines 69 comprising the 
green component image 64 and the red component image 66 of FIGS. 14 and 15, 
respectively. As illustrated in the multipixel image 64 in FIG. 14, the central green pixels 70 

30 and outer green pixels 72 comprise two vertical lines 65. As illustrated in the multipixel 

image 66 in FIG. 15, the central red pixels 76 and outer red pixels 78 comprise two vertical 
lines 67. For clarity, the blue color plane is not shown in FIG. 16. This example assumes 
that the vertical line 69 is displayed at about 100% of the input value and is surrounded on 
both sides by a field at 0% of the input value. 

35 The central red pixels 76 of the two vertical lines 69 are offset from the central green 

pixels 70 when superimposed as in FIG. 16. These central line pixels 70 and 76 are each set 

10 
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5 at 75%. The outer pixels 72 and 78 are each set at 12.5%. The pixels 74 and 80 between the 
two central lines of pixels 76 and 70 are set at 25%. 

The outer edges, those not adjoining the other line, have the same sequence of 
brightness levels as described for the case of FIG. 13. That is, the areas of the outer pixels 
72 and 78 that do not overlap form an outermost series of smaller diamonds 88 at 6.25% 

10 brightness. The overlap of the outer pixels 72 and 78 form two series of smaller diamonds 
84 that are at 12.5% brightness. The overlap of pixels 72 and pixels 76, and the overlap of 
pixels 78 and pixels 70, respectfully, form two series, just outside of the central line series 
86, of smaller diamonds 82 that are at 43.75% brightness. The areas of overlap of the central 
line pixels 70 and 76 form a central series of smaller diamonds 92 that are at 75% brightness. 

15 The space between the two central vertical lines 69 has three series of smaller 

diamonds 90 and 94. The overlap of red central line pixels 76 and green interstitial pixels 
74, and the overlap of green central line pixels 70 and red interstitial pixels 80, respectively, 
form a series of smaller diamonds 90 at 50% brightness. The overlap of interstitial pixels 74 
and 80 form a series of smaller diamonds 94 at 25% brightness. Theoretically, this 

20 represents samples of a sine wave at the Nyquist limit, exactly in phase with the samples. 

However, when integrating over an imaginary vertical line segment as it moves across from 
peak to trough to peak, the function is that of a triangle wave. Yet, with the MTF of the 
projection lens limiting the bandpass of the projected image, the function is that of a smooth 
sine wave. The display effectively removes all Fourier wave components above the 

25 reconstruction point Nyquist limit. Note that the modulation depth is 50%. As long as this 
is within the human viewer's Contrast Sensitivity Function (CSF) for a given display's 
contrast and resolution, this modulation depth is visible. 

FIG. 17 illustrates an overlay 96 of the image 14 of FIG. 6 offset 50% with itself. 
This represents an alternative embodiment of a single panel projector, using field or frame 

30 sequential color that is well known in the art. In this embodiment, the array is again formed 
from diamonds, but the image 14 is shifted optically to separate the red and green color 
planes by about one-half pixel. This color shift may be accomplished as shown in FIG. 18 
by an inclined plane lens 98 of a suitable chromodispersive transparent material. Such an 
arrangement will separate and differentially shift the red, green and blue images due to the 

35 different index of refraction for each wavelength. This lens element may be a separate flat 
plane lens, or may be an inclined curved element that is an integral part of the projection lens 

11 
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5 assembly. Such modifications to the lens assembly may be designed using techniques well 
known in the art. 

These optical and mechanical means for shifting the color image planes can be used 
to improve display systems that use prior art arrangements 100 of pixels as illustrated in 
FIG. 19. The green image 102 may be shifted from the red image 104 by about one-half 

10 pixel in the diagonal direction as illustrated in the arrangement 106 in FIG. 20. This allows 
subpixel rendering to be applied to the resulting system. FIG. 21 illustrates two logical pixels 
centered on a square grid that lies on corner interstitial 108 and edge interstitial 110 points in 
the arrangement 106 of FIG. 20. FIG. 22 illustrates arrangement 106 with a logical pixel 
and a column line 1 12 of overlapping logical pixels centered on pixel quadrants defined by 

1 5 the pixel overlaps . 

In examining the example of a logical pixel 1 14, 116, and 118 shown in FIG. 22, the 
output value of each pixel is determined by a simple displaced box filter in which four input 
pixels are averaged for each output pixel. Each input pixel uniquely maps to one red output 
pixel 1 14 and one green output pixel 118 that overlaps by one quadrant 116. Thus, the 

20 addressability of the display has been increased four fold, twice in each axis. With one input 
pixel at about 100% value surrounded by a field at 0% value, the red output pixel 1 14 and 
the green output pixel 118 are set at 25% output. The area of overlap 1 16 is at 25% 
brightness while the areas of the output pixels 114 and 118 not overlapping are at 12.5% 
brightness. Thus, the peak brightness is in the overlapping quadrant. 

25 In examining the vertical line 112 displayed in FIG. 22, it is displaying a line at about 

. 100% input value surrounded on both sides by a field at 0% input value. The overlapping 
logical pixels are additive. Thus, the red output pixels 120 and the green output pixels 124 
are set at 50%. The area of overlap 122 is at 50% brightness while the areas of the output 
pixels 120 and 124 that are not overlapping are at 25% brightness. Thus, the area of peak 

30 brightness corresponds with location of the displayed line 112. 

In examining and evaluating the display system, it can be noted that while the 
addressability of the display has been doubled in each axis, the MTF has been increased by a 
lesser degree. The highest spatial frequency that may be displayed on the modified system is 
about one-half octave higher than the prior art system. Thus, the system may display 2.25 

35 times more information on four times as many addressable points. 

In the above systems the blue information has been ignored for clarity. This is 
possible due to the poor blue resolving power of human vision. However, in so far as the 
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5 blue filter or other blue illumination system is less than perfect and allows green light that 
will be sensed by the green sensing cones of human vision, the blue image will be sensed by 
the green cones and add to the perception of brightness in the luminance channel. This may 
be used as an advantage by keeping the blue pixels in registration with the red pixels to add 
to the red brightness and to offset the slight brightness advantage that green light has in the 

10 luminance channel. Thus, the red output pixels may be, in fact, a magenta color to achieve 
this balance of brightness. 

If a system were designed in which the "blue" image has significant leakage of 
green, and possibly yellow or even red, the "blue" image may be used to further increase the 
effective resolution of a display. The "blue" color may be closer to a pale pastel blue, a 

15 cyan, a purple, or even a magenta color. An example of such a display 126 is illustrated in 
FIG. 23. FIG. 23 illustrates three images of the array of pixels shown in FIG. 8 overlaid 
with a shift of one third of a pixel each. A logical pixel 128 is illustrated on the resulting 
image 126 in FIG. 23. The red pixel 130, green pixel 132, and "blue" pixel 134 overlap to 
form a smaller triangular area 136 that is at the center of the logical pixel. This overlap area 

20 is brightest, followed by the three areas where there are only two pixels overlapping, while 
the areas with no overlap have the lowest brightness. The manner of calculating the values 
of the pixels follows in a similar manner as outlined above. 

Any system that traditionally uses converged, overlapped color pixels can take 
advantage of the concepts taught herein. For example, a color CRT display used for 

25 computer monitor, video, or television display may also be improved by shifting the color 
components and applying appropriate subpixel rendering algorithms and filters. A simple 
and effective change for computer monitors is to shift the green electron spot as described 
above for FIG. 22. This deliberate misconvergence will seem counter-intuitive to those most 
knowledgeable in the CRT art, but the resulting improvement will be as described above. 

30 The displacement of the multi-color display imaging planes by a percentage of a 

pixel creates a display of higher resolution images by increasing the addressability of the 
system. Additionally, the MTF is increased to better match the design to human vision. A 
projector system using three separate panels can be optimized to better match the human 
vision system with respect to each of the primary colors. These results can be achieved in a 

35 single panel, field sequential color projector using an inclined plane chromodispersive lens 
element. 



13 



WO 02/091299 



PCT/US02/13321 



5 While the invention has been described with reference to an exemplary embodiment, 

it will be understood by those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without departing from the scope of the 
invention. In addition, many modifications may be made to adapt a particular situation or 
material to the teachings without departing from the essential scope thereof. Therefore, it is 
10 intended that the invention not be limited to the particular embodiment disclosed as the best 
mode contemplated for carrying out this invention, but that the invention will include all 
embodiments falling within the scope of the appended claims. 
What is claimed is: 
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5 CLAIMS 

1. A method of doubling the addressability and increasing the modulation 
transfer function of a display displaying images as a plurality of red pixels, green pixels, and 
blue pixels, comprising: 

offsetting said green pixels from said red pixels and said blue pixels by one-half. 
10 2. The method of Claim 1, wherein the display is a projector and said offsetting 

is completed optically. 

3. The method of Claim 1, wherein the display is a projector and said offsetting 
is completed mechanically. 

4. The method of Claim 1, wherein the display is a cathode ray tube video 
15 display and said offsetting is completed electrostatically. 

5. The method of Claim 1, wherein the display is a cathode ray tube video 
display and said offsetting is completed magnetically. 

6. A method of doubling the addressability and increasing the modulation 
transfer function of a display displaying images as a plurality of red pixels, green pixels, and 

20 blue pixels, comprising: 

offsetting said red pixels, said green pixels, and said blue pixels by one third. 

7. The method of Claim 6, wherein the display is a projector and said offsetting 
is completed optically. 

8. The method of Claim 6, wherein the display is a projector and said offsetting 
25 is completed mechanically. 

9. The method of Claim 6, wherein the display is a cathode ray tube video 
display and said offsetting is completed electrostatically. 

10. The method of Claim 6, wherein the display is a cathode ray tube video 
display and said offsetting is completed magnetically. 

30 1 1 . A method for forming a multipixel image on an imaging surface, comprising: 

projecting for each pixel in said multipixel image a plurality of monochrome beams 
of different colors towards said imaging surface; and 

directing each of said plurality of monochrome beams for each said pixel along a 
beam path towards said imaging surface, wherein images formed on said imaging surface 
35 from each said beam are convergent by substantially less than about 100%. 

12. The method of Claim 11, wherein said monochrome beams are convergent by 
less than about 75%. 
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5 13. The method of Claim 11, wherein said monochrome beams are convergent by 

about 50%. 

14. The method of Claim 11, wherein said plurality of monochrome beams are 
light beams; and wherein said imaging surface is a projection screen. 

15. The method of Claim 14, wherein directing each of said plurality of 
10 monochrome light beams is performed using optical elements. 

16. The method of Claim 15, wherein said directing each of said plurality of 
monochrome light beams further comprises placing an inclined plane lens in said beam 
paths. 

17. The method of Claim 16, wherein said inclined plane lens comprises a 
15 chromodispersive transparent material. 

18. The method of Claim 11, wherein a geometric center of each said 
monochrome beam lies along a locus of points describing a monotonic function. 

19. A method for forming a multipixel image on an imaging surface, comprising: 
projecting for each pixel in said multipixel image a plurality of electron beams 

20 exciting phosphors of different colors towards said imaging surface; and 

directing each of said plurality of monochrome beams for each said pixel along a 
beam path towards said imaging surface, wherein images formed on said imaging surface 
from each said beam are convergent by substantially less than about 100%. 

20. The method of Claim 19, wherein directing each of said plurality of electron 
25 beams is performed using electrostatic deflection. 

21. The method of Claim 19, wherein directing each of said plurality of electron 
beams is performed using magnetic deflection. 

22. The method of Claim 19, wherein said plurality of electron beams comprises 
a beam exciting substantially red emitting phosphors, a beam exciting substantially green 

30 emitting phosphors, and a beam exciting substantially blue emitting phosphors. 

23. The method of Claim 19, wherein a geometric center of each said electron 
beam lies along a locus of points describing a monotonic function. 

24. A method for forming a multipixel image on a projection screen, comprising: 
projecting for each pixel in said multipixel image a plurality of monochrome light 

35 beams of different colors towards said projection screen; and 
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5 directing each of said plurality of monochrome light beams for each said pixel along 

a path towards said projection screen, wherein images formed on said projection screen from 
each said light beam are convergent by substantially less than about 100%. 

25. The method of Claim 24, wherein said monochrome light beams are 
convergent by less than about 75%. 
10 26. The method of Claim 24, wherein said monochrome light beams are 

convergent by about 50%. 

27. The method of Claim 24, wherein said directing each of said plurality of 
monochrome light beams is performed using optical elements. 

28. The method of Claim 24, wherein said directing each of said plurality of 
15 monochrome light beams further comprises placing an inclined plane lens in said beam 

paths. 

29. The method of Claim 28, wherein said inclined plane lens comprises a 
chromodispersive transparent material. 

30. The method of Claim 24, wherein said directing each of said plurality of 
20 monochrome light beams is performed mechanically. 

3 1 . The method of Claim 24, wherein said plurality of monochrome light beams 
comprises a red beam, a green beam, and a blue beam. 

32. The method of Claim 24, wherein a geometric center of each said 
monochrome light beam lies along a locus of points describing a monotonic function. 

25 33. A method for forming a multipixel image on a phosphor surface, comprising: 

projecting for each pixel in said multipixel image a plurality of electron beams 
towards said phosphor surface; and 

directing each of said plurality of electron beams for each said pixel along a path 
towards said phosphor surface, wherein images formed on said phosphor surface from each 
30 said electron beam are convergent by substantially less than about 100%. 

34. The method of Claim 33, wherein said electron beams are convergent by less 
than about 75%. 

35. The method of Claim 33, wherein said electron beams are convergent by 
about 50%. 

35 36. The method of Claim 33, wherein directing each of said plurality of electron 

beams is performed using electrostatic deflection. 
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5 37. The method of Claim 33, wherein directing each of said plurality of electron 

beams is performed using magnetic deflection. 

38. The method of Claim 33, wherein said plurality of electron beams comprises 
a beam exciting substantially red emitting phosphors, beam exciting substantially green 
emitting phosphors, and a beam exciting substantially blue emitting phosphors. 
10 39. The method of Claim 33, wherein a geometric center of each said electron 

beam lies along a locus of points describing a monotonic function. 
40. An optical projector comprising: 

a plurality of optical beam generators configured to generate pixels comprising 
monochrome light beams of different colors; and 

15 beam projecting optics optically coupled to said plurality of optical beam generators 

and configured to project and focus said monochrome light beams along beam paths towards 
a projection screen to form a composite pixel thereon, said beam projecting optics further 
configured to offset said beam paths from one another such that images of said light beams 
projected on said screen for each pixel are convergent by substantially less than about 100%. 

20 41. The optical projector of Claim 40, wherein said plurality of monochrome 

light beams comprises a red beam, a green beam, and a blue beam. 

42. The optical projector of Claim 40, wherein said monochrome light beams are 
convergent by less than about 75%. 

43. The optical projector of Claim 40, wherein said monochrome light beams are 
25 convergent by about 50%. 

44. The optical projector of Claim 40, further comprising an inclined plane lens 
disposed in said beam paths. 

45. The optical projector of Claim 44, wherein said inclined plane lens comprises 
a chromodispersive transparent material. 

30 46. The optical projector of Claim 40, wherein a geometric center of each said 

monochrome light beam lies along a locus of points describing a monotonic function. 
47. A cathode ray tube video display comprising: 

a plurality of electron beam generators configured to generate pixels comprising 
electron beams that excite phosphors of different colors; and 
35 beam steering electronics coupled to said plurality of electron beam generators and 

configured to project and focus said electron beams along beam paths towards a phosphor 
screen to form a composite pixel thereon, said beam steering electronics further configured 
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5 to offset said beam paths from one another such that images of said electron beams projected 
on said phosphor screen for each pixel are convergent by substantially less than about 100%. 

48. The cathode ray tube video display of Claim 47, wherein said plurality of 
electron beams comprises a beam exciting substantially red emitting phosphors, a beam 
exciting substantially green emitting phosphors, and abeam exciting substantially blue 

1 0 emitting phosphors . 

49. The cathode ray tube video display of Claim 47, wherein said electron beams 
are convergent by less than about 75%. 

50. The cathode ray tube video display of Claim 47, wherein said electron beams 
are convergent by about 50%. 

15 51. The cathode ray tube video display of Claim 47, wherein a geometric center 

of each said electron beam lies along a locus of points describing a monotonic function. 
52. An optical projector comprising: 

a plurality of optical beam generating means configured to generate pixels 
comprising monochrome light beams of different colors; and 

20 beam projecting means coupled to said plurality of optical beam generating means 

and configured to project and focus said monochrome light beams along beam paths towards 
a projection screen to form a composite pixel thereon, said beam projecting optics further 
configured to offset said beam paths from one another such that images of said light beams 
projected on said screen for each pixel are convergent by substantially less than about 100%. 

25 53. The optical projector of Claim 52, wherein said plurality of monochrome 

light beams comprises a red beam, a green beam, and a blue beam. 

54. The optical projector of Claim 52, wherein said monochrome light beams are 
convergent by less than about 75%. 

55. The optical projector of Claim 52, wherein said monochrome light beams are 
30 convergent by about 50%. 

56. The optical projector of Claim 52, further comprising an inclined plane lens 
disposed in said beam paths. 

57. The optical projector of Claim 56, wherein said inclined plane lens comprises 
a chromodispersive transparent material. 

35 58. The optical projector of Claim 52, wherein a geometric center of each said 

monochrome light beam lies along a locus of points describing a monotonic function. 
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5 59. A cathode ray tube video display comprising: 

a plurality of electron beam generating means configured to generate pixels 
comprising electron beams exciting phosphors of different colors; and 

beam steering means coupled to said plurality of electron beam generating means 
and configured to project and focus said electron beams along beam paths towards a 
10 phosphor screen to form a composite pixel thereon, said beam steering means further 
configured to offset said beam paths from one another such that images of said electron 
beams projected on said phosphor screen for each pixel are convergent by substantially less 
than about 100%. 

60. The cathode ray tube video display of Claim 59, wherein said plurality of 
15 electron beams comprises a beam exciting substantially red emitting phosphors, a beam 

exciting substantially green emitting phosphors, and a beam exciting substantially blue 
emitting phosphors. 

61. The cathode ray tube video display of Claim 59, wherein said electron beams 
are convergent by less than about 75%. 

20 62. The cathode ray tube video display of Claim 59, wherein said electron beams 

are convergent by about 50%. 

63. The cathode ray tube video display of Claim 59, wherein a geometric center 
of each said electron beam lies along a locus of points describing a monotonic function. 

64. A pixel layout for displays wherein red pixel elements, green pixel elements, 
25 and blue pixel elements overlap by substantially less than about 100%. 

65. The pixel layout of Claim 64, wherein said red pixel elements, green pixel 
elements, and blue pixel elements overlap by substantially less than about 75%. 

66. The pixel layout of Claim 64, wherein said red pixel elements, green pixel 
elements, and blue pixel elements overlap by substantially about 50%. 

30 67. The pixel layout of Claim 64, wherein said displays are selected from the 

group comprising projectors, cathode ray tube video displays, and subtractive displays. 

68. The pixel layout of Claim 64, wherein a geometric center of each red pixel 

elements, green pixel elements, and blue pixel elements lies along a locus of points 

describing a monotonic function. 
35 69. A pixel layout for displays wherein red pixel elements and green pixel 

elements are identical diamonds offset by 50% in a horizontal direction. 
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5 70. The pixel layout of Claim 69, wherein said displays are selected from the 

group comprising projectors, cathode ray tube video displays, and subtractive displays. 

71. A pixel layout for displays wherein red pixel elements and green pixel 
elements are identical hexagons offset horizontally and vertically to create a triangular 
overlap. 

10 72. The pixel layout of Claim 71, wherein said displays are selected from the 

group comprising projectors, cathode ray tube video displays, and subtractive displays. 

73. A subtractive color flat panel display, comprising: 
a multispectral light source; 

a first panel including an x by y matrix of a first color subtractive pixels disposed in 
15 front of said multispectral light source; 

a second panel including an x by y matrix of a second color subtractive pixels 
disposed in front of said multispectral light source; 

a third panel including an x by y matrix of a third color subtractive pixels disposed in 
front of said multispectral light source; and 
20 wherein said first panel, said second panel, and third panel are offset from one 

another in x and y by substantially less than 100%. 

74. The subtractive color flat panel display of Claim 73, wherein said first panel 
is substantially cyan in color, said second panel is substantially magenta in color, and said 
third panel is substantially yellow in color. 

25 75. The subtractive color flat panel display of Claim 73, wherein a geometric 

center of said first panel, said second panel, and said third panel lies along a locus of points 
describing a monotonic function. 

76. The subtractive color flat panel display of Claim 73, wherein said first panel, 
said second panel, and third panel are offset from one another in x and y by less than about 

30 75%. 

77. The subtractive color flat panel display of Claim 73, wherein said first panel, 
said second panel, and third panel are offset from one another in x and y by about 50%. 

78. A method for forming a multipixel image on an imaging surface, comprising: 
illuminating a multispectral light source; 

35 projecting light from said multispectral light source towards a first panel including 

an x by y matrix of a first color subtractive pixels, a second panel including an x by y matrix 
of a second color subtractive pixels, and a third panel including an x by y matrix of a third 
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color subtractive pixels for each pixel in said multipixel image, said panels are convergent 
by substantially less than about 100%; and 

directing each of said plurality of light beams for each said pixel along a path 
towards said imaging surface, wherein images formed on said imaging surface from each 
said light beam. 

79. The method of Claim 78, wherein said first panel is substantially cyan in 
color, said second panel is substantially magenta in color, and said third panel is 
substantially yellow in color. 

80. The method of Claim 78, wherein a geometric center of said first panel, said 
second panel, and said third panel lies along a locus of points describing a monotonic 
function. 

81. The method of Claim 76, wherein said first panel, said second panel, and 
third panel are offset from one another in x and y by less than about 75%. 

82. The method of Claim 76, wherein said first panel, said second panel, and 
third panel are offset from one another in x and y by about 50%. 
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